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TECHNICAL NOTE D-42

INVESTIGATION AT TRANSONIC SPEEDS TO DETERMINE LATERAL
CONTROL EFFECTIVENESS OF BLOWING LATERALLY OVER
SURFACES OF 30° AND 45° SWEPT WINGS

By Alexander D. Hammond and Linwood W. McKinney
SUMMARY

A wind-tunnel investigation has been made in the Langley high-speed
7- by 10-foot tunnel through a Mach number range from 0.60 to 1.10 to
determine the lateral control effectiveness of a Jjet of high-pressure
air directed laterally over a wing surface. Two wing models were tested -
one with a quarter-chord sweep angle of 30° and the other, 45°. Each wing
had an aspect ratio of 4, a taper ratio of O, and an NACA 65A004 airfoil
section parallel to the plane of symmetry. Each model was equipped with
a nozzle located near the trailing edge of the root chord in such a manner
that a jet of high-pressure air could be directed over the wing surface at
various angles relative to a line normal to the wing root chord. Tests
were made at O° angle of attack for a range of Jet sweep angles and
through an angle-of-attack range from -16~ to 16° and -20° to 20° for the
30° and 45° swept wings, respectively, at the maximum jet sweep angle of
the tests.

The results of the investigation are presented in tabular form with
a limited discussion confined to the effects of the jet of high-pressure
air on the rolling-moment characteristics. The results of the investi-
gation show that the rolling-moment effectiveness increases when the Jjet
of air is swept forward over the wing surface to the maximum angle of the
investigation. The results also indicate that, for the Mach number range
up to approximately 0.95, lateral blowing over the lower surface of the
wing results in less loss in rolling effectiveness with increase in angle
of attack above approximately 4© than does lateral blowing over the upper
surface. However, in the Mach number range above 0.95, blowing over the
upper surface of the wing gives a slightly more desirable variation of
rolling-moment coefficient with angle of attack. For O° angle of attack
the rolling effectiveness resulting from lateral blowing is substantially
greater than the effectiveness of a jet reaction control located at the
wing tip for the Mach number range of the tests. However the rolling
effectiveness resulting from blowing laterally over the wing is less than
that obtained from jet spoilers.




INTRODUCTION

In the search for lateral control devices suitable for use on thin-
wing configurations at high speed, considerable interest is being mani-
fested in spoiler-type controls of various kinds. In the past, numerous
investigations, such as references 1 to 8, have been made of plain
spoilers, spoiler slot deflectors, and jet spoilers. For the jet spoilers
of references 5 to 8 compressed air was exhausted normal to the wing sur-
face from a slot or a series of holes over a portion of the wing span.

In addition to the jet reaction effect, the jet spoiler has been shown
to produce a change in circulation lift in a manner similar to that pro-
duced by the plain spoiler.
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In order to reduce somewhat the complexity of the duct system nec-
essary to eject the high-pressure air normal to the wing surface to
produce the jet spoiler reaction, it seems desirable to consider other
methods of employing high-pressure air to produce control. One of the
methods that has been suggested (ref. 9) was to eject a jet of air lat-
erally or spanwise over the wing surface.

The present paper presents the results of an investigation made in -
the Langley high-speed T7- by 10-foot tunnel at transonic speeds to deter-
mine the effectiveness of blowing a jet of compressed air laterally over
the surface of a wing parallel to the XY-plane at various sweep angles
relative to the Y-axis as a method of obtaining lateral control. This
investigation was made on two wing models having quarter-chord-line sweep
angles of 30° and 45°; each wing had an aspect ratio of L4, a taper ratio
of 0, and an NACA 65A004 airfoil section. Both models were tested at
0° angle of attack for a range of jet sweep angles and through an angle-
of -attack range with the jet swept forward of the reference axis at Mach
numbers from 0.60 to 1.10.

COEFFICIENTS AND SYMBOLS

The data are presented about the model wind axes with the origin
on the wing root-chord line at a longitudinal position corresponding to
the quarter chord of the mean aerodynamic chord.

Twice semispan drag

Cp drag coefficient,
gS

Twice semispan lift

Cy, 1lift coefficient,
asS
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rolling-moment coefficient, Semispan rolling moment

gSb
rolling-moment coefficient of a Jjet reaction control,
s\k
(Cu38)3 _1lg
qSb 2 H

pitching-moment coefficient about 0.25¢,
Twice semispan pitching moment

gSc

yawing-moment coefficient, Semispan yawing moment

gSb
thrust coefficient, LIhrust
aS
momentum coefficient, LALust
KqS

twice span of semispan wing, ft

wing chord, ft
b/2

wing mean aerodynamic chord, %\/ﬁ cedy, ft
o)

experimentally determined nozzle efficiency factor,

Measured thrust , 0.94 for 2 _inch-diameter nozzle of
Theoretical thrust 16

this investigation

ratio of rolling moment produced by lateral blowing to
rolling moment computed for a jet reaction control at the
wing tip

free-stream Mach number

local Mach number

free-stream dynamic pressure, % pVe, 1b/sq ft

twice area of semispan wing, sq ft



\ free-stream velocity, ft/sec

a angle of attack, deg

Ac/h wing sweep, measured at quarter-chord line, deg

Aj sweep of Jjet, measured from a line normal to wing root

chord at center of nozzle (angles forward of this line
were designated as negative angles), deg

o) free-stream density, slugs/cu ft
MODELS

The models used for this investigation consisted of two small-scale
wings machined from solid steel to NACA 65A00L4 airfoil sections with
309 and 45° sweep of the quarter-chord lines. The models were aspect-
ratio-l4 semispan wings having no twist or camber and a taper ratio of O.
The geometric characteristics of the models are given in figure 1. The
wing models were equipped with a 3/l6-inch-diameter nozzle located at
approximately the 97.5-percent-rcot-chord station in such a manner that
the angle of a jet of high-pressure air could be varied over one surface
of the wing. The sweep angles for the jet were measured relative to a
line normal to the root chord of the wing. Angles forward of this line
were designated as negative angles. The range of jet sweep angles was
from -9.8° (parallel to the wing trailing edge) to -43.9° for the 30°
swept wing and from 12.3° (parallel to the wing trailing edge) to -26.5°
for the 450 swept wing.

CORRECTIONS

The data have not been corrected for jet boundary or blockage effects
since the models were sufficiently small with respect to the tunnel bound-
aries to make these corrections negligible. The 1lift loading resulting
from lateral blowing over the semispan models is similar to the loading
that would result from symmetrically deflected controls on a complete
model., The reflection-plane corrections for the data of this report can-
not be evaluated since the variation of the effective span of the lateral
blowing control with wing angle of attack and with the pressure ratio
across the nozzle exit is unknown. The rolling- and yawing-moment coef-
ficients for the control are therefore presented as obtained and are
uncorrected for reflection-plane effects.
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TESTS

The tests were made by using the transonic-bump technique in the
Langley high-speed 7- by 10-foot tunnel. The aerodynamic forces and
moments were obtained by use of a five-component electrical strain-gage
balance attached beneath the bump surface. Tests were made over a Mach
number range from 0.60 to 1.10 at corresponding Reynolds numbers from

approximately 1.07 X 106 to 1.25 X 106. Typical variations of the local
Mach number over the bump surface in the vicinity of the 30° swept-wing-
model location for several Mach numbers are shown in figure 2. The
tests were made with the models as left wings with lateral blowing over
the upper surface of the wing through a positive and negative angle-of—
attack range from -16° to 16° and -20° to 20° for the %0° and 45° swept
wings, respectively. Since the models had symmetrical airfoil sections,
these tests gave results that, with proper consideration of signs, are
equivalent to the results that would have been obtained by blowing lat-
erally over both the upper and lower wing surfaces through a positive
angle-of-attack range.

Each test was made at a given angle of attack and Mach number for
a series of plenum-chamber pressures from zero to approximately 120 pounds
per square inch. The pressure range corresponds to a range of thrust
coefficients from O toc approximately 0.04 computed from the relationship
of the static-thrust calibration to the plenum-chamber pressure. Tests
were made at 0° angle of attack through the Mach number range for all
jet sweep angles and through the angle-of-attack range at each Mach num-
ber for the maximum forward jet sweep angle for both models.

RESULTS AND DISCUSSION

The results of the investigation are presented in coefficient form
in tables I and II. In addition to these tables a graphical presenta-
tion of the variations with several of the test parameters of the partial
derivatives of the aerodynamic forces and moments with respect to the
momentum coefficient Cu are presented in figures 3 to 6. 1In order to

facilitate presentation of the data, staggered scales have been used in
these figures and care should be taken in identifying the zero axis for
each curve.

The force and moment coefficients presented in tables I and II were
plotted against C, at a constant angle of attack and Mach number and

were found to have a linear variation with C,; therefore, only the var-

iations of the partial derivatives of the force and moment coefficients
obtained from these plots are presented. The discussion of these results



is limited to only the effects of the various parameters investigated
on the rolling-moment effectiveness.

Figures 3 and 4 show the effects of Mach number on the variation
with sweep of the jet of the partial derivatives of the force and moment
coefficients with respect to C“ for the 30° and MSO swept-wing models,
respectively, at 0° angle of attack. These data show that the rolling
effectiveness increases when the jet is swept forward and that the opti-
mum rolling moment occurs, throughout the Mach number range, near the
highest negative jet sweep of the tests (-43.9° and -26.5° for the 300
and 45° swept wings, respectively). Apparently this occurs because more
of the flow over the wing is disturbed as the jet is swept forward.

The effects of Mach number on the variation with angle of attack of
the partial derivatives of the force and moment coefficients with respect
to Cu are presented in figures 5 and 6 for the maximum negative Jjet

sweep angles of the 30° and 45° swept wings, respectively. The trends of
these data indicate that for all Mach numbers of the investigation the
maximum rolling effectiveness occurs at an angle of attack of approxi-
mately 4° for blowing laterally over the upper surface of both models.

In the Mach number range up to approximately 0.95, as the angle of attack
is increased above ho, there is an abrupt loss in control effectiveness
for both models; however, as the angle of attack is increased in the
negative direction, there is a much more gradual decrease in effective-
ness. Inasmuch as the models are symmetrical, the data presented at
negative angles of attack for blowing over the upper surface are equiva-
lent to the data that would be obtained at positive angles of attack for
blowing over the lower surface. Therefore, in the Mach number range up
to approximately 0.95, blowing laterally over the lower surface results
in less loss of rolling effectiveness with angle of attack above approxi-
mately 49 than does blowing over the upper surface. However, in the

Mach number range above approximately 0.95, there is no longer an abrupt
loss in effectiveness when the angle of attack is increased above LO,

and blowing laterally over the upper wing surface generally results in
slightly more favorable rolling-moment characteristics for both wings.

In order to evaluate the rolling-moment effectiveness resulting
from blowing laterally over the wing, it can be compared with the rolling
effectiveness of a pure jet reaction control located at the wing tips.
The rolling-moment coefficient of the jet reaction control CZ,r for an

angle of attack of O° can be computed from the following equation:

Cl = -—(Cuqs)% =+ C
2

o T qSb .

Qﬂ]#’b‘
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The ratio of the effectiveness of the lateral blowing to the effective-
ness of the jet reaction control X; can be derived as follows:

— Cu
C 1 oC
l,r 5 Cu H

The variation of K; with Mach number for the maximum forward jet

sweep angles of the two models is shown in figure 7 at an angle of attack
of 0°. The data show that in the Mach number range from 0.60 to 0.95

the effectiveness of lateral blowing is increasingly greater than that of
the reaction jet for both models. At a Mach number of 0.95 the lateral

blowing is approximately l% times as effective as the reaction control

located at the wing tip. As the Mach number increases above 0.95, how-
ever, the lateral blowing effectiveness decreases but remains substan-
tially greater than the reaction control throughout the Mach number
range of the tests.

No data are available to determine the effectiveness of a jet
spoiler on the models of this investigation. However, the data for jet
spoilers on other wings show them to have magnification factors K; of

from approximately 2 for a partial-span jet spoiler on the swept wing
of reference 8 to as much as L4 to 5 indicated from unpublished results
for a full-span jet spoiler on an unswept wing.

CONCLUSIONS

A wind-tunnel investigation has been made to determine the lateral
control effectiveness of blowing laterally over the surface of two swept
wings at Mach numbers from 0.60 to 1.10. The wings were equipped with
a nozzle located near the trailing edge of the root chord so that a jet
of high-pressure air could be directed across the wing toward the wing
tips at various sweep angles. The results of this investigation led
to the following conclusions:

1. The rolling moment resulting from blowing laterally over the
wing is increased when the jet of high-pressure air is swept forward
over the wing surface up to the maximum angle of the tests. Apparently
this occurs because more of the flow over the wing is disturbed as the
jet is swept forward.
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2. In the Mach number range up to approximately 0.95 lateral blowing -
over the lower surface of the wing results in less loss in rolling effec-
tiveness with increase in angle of attack above approximately 40 than does
blowing over the upper wing surface. However, in the Mach number range
above 0.95 a slightly more desirable variation of rolling-moment coeffi-
cient with angle of attack is obtained by blowing over the upper surface
of the models.

3. The rolling effectiveness resulting from blowing high-pressure
air laterally over the wing surface is substantially greater than the
effectiveness of a jet reaction control at the wing tips at zero angle L
of attack for the Mach number range of the tests. However, the rolling 4
effectiveness resulting from blowing laterally over the wing is less T
than that obtained from jet spoilers. 0

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., June 9, 1959.
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Figure l.- Geometric characteristics of models used in investigation.
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Wing data:
Sweep of quarter-chord line,
deg . .« . ¢ v 0o a .. .. 30
Aspect ratio . . . . . . . .. .. 4
Taper ratio . . . . . . . . . . .. o}
Wing area, ft . . . . . . . .. .. 0.25

Mean aerodynamic chord, ft . . . . 0.33
Airfoll section (parallel to

plane of symmetry) . . . . NACA 65A00h4
Wing data:
Sweep of quarter-chord line,

AEE « 4+ 4 e w e e e e e e 45
Aspect ratio . . . . . . . . .. 4
Taper ratio . . . . . . « . . . . ¢}
Wing area, sq ft . . . . . PN 0.25

Mean aerodynamic chord, ft . . . 0.33
Airfoil section (parallel to
plane of symmetry) . . . NACA 65A004

Jet diameter 0.1875

All dimensions are in inches unless otherwise noted.
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Figure 3.- Effect of Mach number and sweep of the jet on the aerodynamic
characteristics of the 30° swept wing at a = 0°.
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Figure 3.- Continued.
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Figure 3.- Concluded.
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Figure 4.- Effect of Mach number and sweep of the jet on the aerodynamic
characteristics of the 45° swept wing at o = O°
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Figure 4.- Continued.
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Figure L4.- Concluded.
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Figure 5.- Effect of Mach number and angle of attack on the aerodynamic
. characteristics of the 3Q° swept wing at a jet sweep angle of -43.90.
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Figure 5.- Continued.
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Figure 6.- Effect of Mach number and angle of attack on the aerodynamic
characteristics of the 45° swept wing at a jet sweep angle of -26.5°. -
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